Although investment is regarded as a key force of China's economic growth, little study has been done to measure China's investment efficiency. The present paper applies the data envelopment analysis (DEA) to Chinese provincial panel data from the year 2003 to 2008 for measuring the investment efficiencies and identifying their trends of Chinese 30 provinces and autonomous regions. A cross-efficient DEA model with considering benevolent formulation is used for providing accurate efficiency scores and completely ranking. The empirical results suggest that the differences of investment efficiency in different regions are distinct but tending to diminish year by year, and the investment efficiencies in some provinces are significantly correlated to their investment rates to the national total investment.
Introduction
Chinese economy development has gained the great success in the past two decades that attracts worldwide attention. Many researchers confirmed importance of the aggregate investment in the Chinese economic growth and performance see [1] [2] [3] , which has taken up about 30% of gross domestic product (GDP) see [4, 5] . The China's growth pattern is also similarly considered as the investment-growth model in [6] . More and more researchers start to study the investment and investment efficiency, because the importance of investment in Chinese economic growth is widely acknowledged.
In [1, 2] admit that aggregate investment plays a important role in China's phenomenal economic growth after estimating China's aggregate economy by consumption function, investment function and production function, respectively. [7] suggests that fixed-capital investment is the most important determinant of China's economic growth, and China follows an investment-driven expansion path in the 1980-1990s. [8] apply the exogeneity framework to investigate empirically the relationship between investment and growth in China. They find that there is a robust and significant relation of capital formation on output growth, suggesting that the fixed investment is a key determinant of China's economic growth. Since investment has been regarded as an important force of China's economic growth, In [4] propose a fixed capital formation to explore and explain the determinants of China's aggregate investment based on a panel data set of 28 provinces and autonomous regions. The empirical results they obtained show the existence of a homogenous equilibrium correction mechanism in China's aggregate investment process and imply the suggestion that it is important to introduce favorable investment incentives in the central and west regions for balancing the economic growth. In [5] divide the aggregate investment in China into business sector investment and government direct investment and separately assess each of them by composing a suitable investment model. Their results suggest that the business sector investment is largely determined by market forces while the government direct investment is found to bear strong planned features. In [9] utilize macroeconometric models to measure the validity of the belief that the Chinese economy still follows largely the investment-led growth paradigm growth. By using the post-1990 annual data, they confirm the relation between investment and economy growth, and suggest that the problem of overinvestment still exists in China.
China's aggregate fixed-asset investment has risen significantly from the year 1987; especially since the year 2002, the growth rate keep higher than 20%; the fixed-asset investment increased much faster than the GDP (see Table 1 ). Such as high investment growth rate might cause the over-investment and investment inefficient, because the output and capital productivity growth lags behind investment see [9, 10] . In [11] suggests that decentralisation imposes a variety of interregional barriers to trade and causes the inefficient in resource allocation. By analyzing the variation of total factor productivity and investment returns during the 1990s, In [12] assert that China's allocative efficiency is significantly enhanced by the continuous sectoral shift of labor force. [10] maintain that the phenomenon of over-investment and inefficient investment still exists in China by composing a model that based on the standard capital factor input demand theory with associate measures of allocative inefficiency and technical inefficiency.
Although many studies have been done to verify the importance of aggregate investment to China's growth and the existence of China's over-investment, there has little research on measuring the China's investment efficiency detailed from intuitionistic angle. This study seeks to evaluate the efficiency of the aggregate investment of 30 provinces and autonomous regions in China for the year 2003 to 2008 by using a model with relate concepts called cross-efficiency evaluation method. Then, we set out to explore and explain the changing trend of the performances during the six years and provide some manage suggestions for the corresponding decision makers based on the empirical results. The rest of the paper is organised as follows. Section 2 introduces the mathematical programming model used in the study. Application and empirical results are presented in Section 3, while the final section concludes the paper.
Methodology
Data envelopment analysis (DEA), proposed by [13] , has become a popular efficiency evaluation tool and its derivative models have been widely used in many fields to measure the relative efficiency of peer decision making units (DMUs) on the basis of their multiple inputs and outputs. [14] extend DEA to the cross-efficiency evaluation method for identifying the best performing DMUs and ranking them by using cross-efficiency scores that obtained by all of the DMUs. The main idea of crossefficiency evaluation is to use DEA in a peer evaluation mode, rather than in a self-evaluation mode.
Adopting the conventional nomenclature of DEA, assume that there are n DMUs that are to be evaluated in terms of m inputs and s outputs. We denote the ith input an rth output for DMUj (j = 1, ···, n) as ij 
is the optimal result of the above model, which shows the performance of DMUd based on a traditional CCR model at the period t.
are the optimal weights obtained by the model (1). Then the cross efficiency of any DMUj (j = 1, ···, n) at period t, using the weight has chosen by DMUd in model (1) can be computed as:
 It is clear from Table 2 that each unit
is the efficiency that DMUd accords to DMUj, if we move along the dth row of the matrix E of cross efficiencies, given the computed weighting scheme described above.
Table 2. A generalized cross-efficiency matrix (CEM).

Rated DMU
The leading diagonal shows the special case where DMUd rates itself, which means the value of is
exactly equal to the optimal result
average each the columns of cross efficiency matrix (CEM) in Table 1 to get a mean cross efficiency measure for each DMU. So, the cross-efficiency score of DMUk (k = 1, ···, n) at period t should be obtained by averaging all
In fact, the weights 1
obtained by maximizing DMUd' simple efficiency scores may not unique, that possibly reduces the perceived usefulness of cross-efficiency. One remedy suggested is to introduce a secondary objective function to resolve the ambiguity see [14, 15] . Following their studies, we conclude a benevolent secondary formulation, which could be utilized to maximize the other DMU's cross-efficiencies based on all the possible weights 
The optimal value dj k k of model (2), denoting the maximum efficiency scores of DMUj based on DMUd at period t, could be used to determine the ultimate cross efficiency of each DMUk at period t:
  3. Application
Data Description
There are a great number of input and output variables, whether tangible and intangible, that can describe the influencing factors and results of investment. However, China's economic growth depends very much on the rapid expansion of manufacturing sector see [12] . Taking the factors that have been suggested in the existing literature and data available into consideration, we choose three input variables: Fixed-asset investment at provincial level (X1); Net fixed asset of industry at provincial level (X2); Number of employee of industry at provincial level (X3), while two major economic indicators are selected: Gross Domestic Product (GDP) at the provincial level (Y1); and the Value-added of industry at provincial level (Y2). In this paper, all the input and output variables are selected from Chinese Statistical Yearbook, and six years from 2003 to 2008 are considered.
Efficiency Analysis
The CCR efficiency score of the 30 different provinces in China was firstly assessed using the traditional model (1).
From Table 3 Besides, we can also conclude from the above table that the performance of east region is better than the mid and west region because of more efficient provinces and higher average efficiency score. However, this CCR efficiency score might not good enough. Firstly, it is calculated by using the weight selected itself, which heavily weights few favorable measures and completely ignores other inputs and outputs in order to maximize its own DEA efficiency. Secondly, we can not completely rank the performance of the 30 provinces based on these CCR efficiency scores. Finally, for the good-performance provinces (such as Beijing, whose efficiency score keeping 1 during the six years), CCR efficiency scores can not reflect the performance changes over the six years. Table 4 reports the cross-efficiency scores of the 30 provinces during 2003 to 2008 by utilizing the model (2). As indicated in Table 2 , no province is complete efficient measured by the cross-efficiency DEA model. To further analyze the cross-efficiency results, we classify all the 30 provinces and autonomous regions into three groups according to the economic region they belong to and compare the average efficiency scores of each group in the six years, see Figure 1 . Note that the efficiency scores of the east region are higher than the mid, while the efficiency values of mid regions are also higher than the western. Also, more details should be found:  The changes of efficiency scores of east provinces are very small which express a trend downward.  The wave of efficiency scores of mid regions are significant.  The improvement of west provinces are more pronounced. Besides, the phenomenon of convergence is illustrating in figure 1 too during 2003 to 2008 , which might be due to the Chinese central planning to promote the regional productivity equality see [16] . However, that phenomenon might also caused by the over-investing in the east region and infrastructure construction enhancing in the mid and west regions. By comparing the average efficiency scores in different years, we find that the regional efficiency gap evidently decreased from 2003 to 2008, which might indicate that the investment allocation and productivity in different regions across the country are becoming reasonable and equal. Table 5 reports the complete ranking of different provinces during 2003 to 2008 based on the cross-efficiency scores obtained above. It can be seen that Heilongjiang is best performance province during these six years, because it has held the place of no. 1 for five years since 2004. On the other hand, Qinghai and Ningxia always rank at the end, more work need to be done to improve their performances. Specifically, two provinces, namely, Sichuan and Xinjiang, had increasingly improved their performance order, while two provinces (namely, Anhui and Guangdong) have shown a continuous decreasing trend. Take XinJiang for example, its ranking order increased from the 24th to 4th during the period 2003-2008. The increase could probably be attributed to the work done by the managers during these six years in improving the efficiency of using the investment. On the other hand, as the ranking order decreased from 1st to 14th during the six years, Guangdong province is an example of the typical provinces which are significant slippage. The decision makers need to do more work to reverse the disadvantageous situation by improving the efficiency of resource use.
Correlational Analysis between the Efficiency Scores and Investment
The above Figure 2 shows the trend of the cross-efficiency scores of all the 30 provinces during 2003 to 2008. Some provinces express an upward tendency (such as Tianjin, Gansu, Qinghai, Ningxia and Xinjiang), while some others show a downward tendency (such as Jiangsu, Fujian, Guangdong and Anhui). Besides, note that, most of the provinces in west region keep their efficiency ascendant in these years. Figure 3 gives the curves of ratio of provincial investment to the nationwide total investment during 2003 to 2008. A noticeable feature is the curve trends in figure 3 , indicating significant changes of investment. Specifically, the decreasing and increasing tendency could be respectively found in about 10 provinces (such as Beijin, Shanghai, Jiangsu, Zhejiang, Guangdong, Hainan, Guizhou, Qinghai, Ningxia and Xinjiang) and 8 provinces (Hebei, Neimenggu, Jilin, Anhui, Henan, Guangxi, Chongqi and Shanxi). Another noteworthy feature is that no province in middle region shows a decreasing trend on investment ratio in the six years, which illustrates that Table 6 that the efficiency scores of eight provinces (Jiangsu, Guangdong, Neimenggu, Anhui, Guizhou, Qinghai, Ningxia and Xinjiang) have significant correlation 1 with the investment ratios. Then, these eight provinces can be divided into four categories. The two east region provinces Jiangsu and Guangdong belong to the first category, whose efficiency scores decline with the investment ratios falling. However, on the contrary, the four west region provinces (Guizhou, Qinghai, Ningxia and Xinjiang) improve their performance as the investment ratios decreasing and compose the second category. Lastly, two middle region provinces, Neimenggu and Anhui, are respectively called the third and fourth category because of their different response to the increasing investment ratio. The efficiency score of Neimenggu grow with the increasing of investment ratio, while the performance of Anhui gets worse significantly as investment raise sharply.
Conclusions
This paper applies a cross-efficiency DEA model to measure the investment efficiency of 30 provinces in China in order to provide a detailed regional analysis of Chinese investment inefficiency. Three inputs (Fixedasset investment, Net fixed asset of industry and Number of employee of industry) and two outputs (GDP and Value-added of industry) and provincial-panel data for the period 2003-2008 are considered in this study. A number of interesting results with important implications are found:
Based on the empirical results, there are very significant differences between the three economic regions in China: the east region is the best performance while the west region is the worst. This is very understandable because of the disparities in the infrastructure. Better investment environment is provided by the east region through years of accumulation, while the mid and west regions do not have a requirement to make full use of the investment.
On the other hand, the assimilation appears in nationwide: the difference of the performances between the three regions is diminishing by comparing the trend of efficiencies during [2003] [2004] [2005] [2006] [2007] [2008] . That phenomenon is not only an expression of the improvement of allocative efficiency but also the inevitable result that economy grows. Moreover, more work need to be done to narrow the gap between different regions in the further.
Investment is driving force for some east province such as Jiangsu and Guangdong that is expressed as the significant positive correlation between the decrease of investment and efficiency, while the over-investment does exist in some west provinces such as Guizhou, Qinghai, Ningxia and Xinjiang because of the significant negative correlation between the investment decreasing and performance improving.
